Turner syndrome (TS) with an isochromosome mosaic karyotype 45,X/46,X,i(X) (q10) is an unusual variant, with only an 8-9% prevalence among women with TS based on international studies and 15% of all TS in the Philippines. Clinical features are atypical and any case should be investigated to detect potential complications.
INTRODUCTION
Isochromosome mosaic Turner Syndrome (IMTS) is a variant of Turner Syndrome (TS) characterized by a cytogenetic profile of 1 or more additional cell lineages aside from 45,X, and the presence of a structurally abnormal X chromosome consisting of either two short or two long arms. 1 IMTS occurs in only 8-9% prevalence among women with TS based on international studies, and 15% of all TS in the Philippines. 2 Turner Syndrome has a broad range of clinical phenotypes. 3 Patients may present with subtle physical manifestations to more complex conditions such as cardiovascular malformations, aortic dissection and ovarian failure. Manifestations of IMTS may vary and is less severe compared to the most common variant of TS, (pure monosomy X or 45,X). 4 This report presents a 20-year-old female with primary amenorrhea and alopecia who was diagnosed with IMTS. This case emphasizes the importance of karyotyping in the diagnosis of diseases presenting with atypical manifestations, especially in TS, because clinical phenotype varies with specific karyotypes. It also highlights the need for a multidisciplinary approach in the management of Turner Syndrome to promptly detect and prevent complications.
CASE
MC, a 20-year-old Filipino female was seen at our outpatient clinic because of primary amenorrhea.
One year prior to consult, the patient sought advice with an obstetrician due to amenorrhea despite reaching reproductive age. Transabdominal ultrasound revealed non-visualized ovaries and infantile uterus. No medications were prescribed and the patient was lost to follow up. One month prior to consult, she developed alopecia at the posterior scalp which gradually involved the parietal area thus prompting consultation. non-consanguineous marriage with no known pregnancyrelated complications. No newborn screening was done. There was no known heredo-familial illness, nor a family history of short stature or delay in menses of female family members. She is nulligravid with no sexual contact, and denied smoking, alcoholic beverage intake and illicit drug use. She finished high school and was assessed to be an average student.
At the time of presentation, she was ambulatory with a height of 134 cm and weight of 37 kg. The patient's height was plotted on the growth chart and revealed short stature. The computed mid-parental height was 152. 25 cm. Her arm span was 139 cm ( Figure 1A) , and her body mass index (BMI) was 20.67 kg/m 2 . Her vital signs were within normal range.
On physical examination, there was alopecia ( Figure 1A ) and wide carrying angle or cubitus valgus of the elbows ( Figure 1B ). There was no facial dysmorphism and webbing of the neck. Eyebrows and eyelashes were present and equally distributed. Otoscopic, cardiopulmonary and abdominal examinations were unremarkable. Her pubic hair and breast development were Tanner Stage 1, with no axillary hair. Genital examination revealed a grossly female genitalia with presence of a small clitoris at 0.3 cm and vaginal canal of 5 cm in length. No inguinal masses were palpated. She had no neurologic deficits.
Her complete blood count (CBC) and creatinine were unremarkable. Lipid profile revealed elevated cholesterol (5.70 mmol/L), high density lipoprotein (1.73 mmol/L) and low density lipoprotein (3.61 mmol/L), with normal triglycerides (0.79 mmol/L) and very low density lipoprotein (0.36 mmol/L).
Hormonal evaluation showed hypergonadotropic hypogonadism with elevated follicle-stimulating hormone (FSH) at 82.58 mIU/ml, elevated luteinizing hormone (LH) at 32.38 mIU/ml, low estradiol at <5.00 pg/ml, and low testosterone at <0.025 ng/ ml. Transrectal ultrasound showed a thin endometrium with minimal hydrometra, an infantile uterus measuring 3.6 x 1.6 x 0.8 cm and absent ovaries ( Figure 2 ). Radiograph of the left wrist revealed Figure 3 ). Cytogenetic study of peripheral blood through G-banding technique revealed two cell lines present. The first cell line, seen in 37 cells, showed loss of one X chromosome, resulting in monosomy X ( Figure 4A ). The remaining 13 cells showed an isochromosome of the long arm of the X chromosome ( Figure 4B ). Her karyotype is 45,X [37]/46, X,i (X) (q10) [13] . This is consistent with the diagnosis of IMTS variant.
She was screened for potential complications and associated conditions. Her serum thyroid stimulating hormone (TSH) level was elevated at 6.65 mIU/L with normal free thyroxine (T4) and triiodothyronine (T3). Anti-thyroglobulin antibody was elevated at 936.78 IU/ ml. Audiogram revealed bilateral normal hearing acuity. Ultrasound of the kidneys was unremarkable ( Figure 5 ). Two-dimensional echocardiography revealed adequate ejection fraction, and absence of bicuspid aortic valve or coarctation of the aorta. Test for intelligence quotient (IQ) by Culture Fair Intelligence Test Scale revealed a score of 70-79 (below average).
The benefits and risks of growth hormone (GH) therapy were discussed with the patient and her family. However, due to financial constraints, GH therapy was not initiated. She was given with oral conjugated estrogen (0.3 mg/ day) on the first 6 days, titrated (0.6 mg/day) for the next 22 days. Progesterone was added for 10 days, starting on the 19 th day. On the third week of hormonal therapy, she developed breast mound and on the fourth week, she had her first menstrual period. Her alopecia resolved spontaneously within one month. In addition, the patient also underwent counseling about her fertility status and the probability and the risks of future pregnancies.
Informed consent was also taken for the publication of this case. 
DISCUSSION
Turner Syndrome (TS), or 45,X, is a condition in which a female is partly or completely missing an X chromosome. It is one of the sex chromosome disorders of sexual development (DSD) 5 that affects 1 in 2,500 to 1 in 3,000 female live births. 1 According to the karyotype, there are several variants of TS with monosomy X as the most common. 6 Other types include [1] deletions of the short arm (Xp) or long arm (Xq), [2] formations of ring chromosome (rX), [3] isochromosomization or duplication of the long arm to form an isochromosome (Xi), and [4] mosaicism, where a monosomy X (45,X) cell line is accompanied by one or more cell lines having a complete or structurally abnormal X chromosome.
In this case, karyotype revealed 45, X/46, X, i, (X) (q10)a combination of mosaicism and isochromosomization. The prevalence of isochromosome mosaic karyotype is 8 -9%. 1, 7 In the Philippines, TS comprises about 80% of all sex chromosome abnormalities, of which 38.9% had the classic pure monosomy X while only 15% had the isochromosome mosaic variant. 2 The typical manifestations for Turner Syndrome are short stature, gonadal dysgenesis, characteristic facial features, webbed neck, low posterior hairline, broad chest with widely spaced nipples, nevi all over the body, shortened metacarpals, small fingernails, poor breast development, and renal and cardiovascular anomalies. However, most of these clinical symptoms greatly vary depending on the karyotype variant. Of particular note, patients with mosaicism for 46 XX or X isochromosome, have been shown to have milder phenotypes. 8 Hence, for this patient, some of the typical manifestations were not evident.
Short stature is the most readily recognizable finding in women with TS. The deficit in height is caused by the haploinsufficiency of the short stature homeo-box containing gene (SHOX) located within the Xp terminal, the pseudoautosomal region of the X chromosome. Aside from short stature, many of the physical stigmata of TS are a result of structural bone defects as SHOX expression is highly localized at the elbow, knee and wrist. 9 Particularly, cubitus valgus, or increased outward angulation of the arms when they are fully extended, as seen in our patient, is a result of a developmental defect of the ulnar head because of the SHOX gene haploinsufficiency.
Hypergonadotropic hypogonadism is a result of ovarian failure and the lack of feedback inhibition to the pituitary gland. In patients with TS, partial or complete absence of the X chromosome in the germ cells leads to an accelerated degeneration of oocytes and increase in ovarian stromal fibrosis; thus, the absence of ovaries on ultrasound in our patient is an expected finding. 10 Ovarian failure is the reason for the absence of secondary sexual characteristics of our patient.
Alopecia is an immune-related dermatological condition that is 3 times more common in women with TS. 4 There have only been five cases of alopecia in TS reported worldwide. 8, 11 One case had a karyotype of 45,XX/45,X 7 while the specific karyotypes of the other 4 cases 10 were not mentioned.
Cardiovascular complications are a common cause of increased mortality in TS, 12 and occurs specifically in 29% of TS with isochromosome mosaicism. Bicuspid aortic valve is the most common congenital malformation affecting the heart 13, 14 and may also occur in combination with other anomalies, particularly aortic coarctation. Twodimensional echocardiography of our patient, however, did not reveal any of these anomalies. In addition, the incidence of developing ischemic heart disease is twofold among adults with TS compared with the general population 8 and one of the risk factors is hyperlipidemia which was demonstrated to be significantly higher compared to normal controls. 15 This is congruent with the hyperlipidemic profile of our patient who had elevated cholesterol, HDL and LDL; hence, she was given a lipidlowering agent.
Hypothyroidism affects 25 to 30% of adults with TS and can be attributed to an autoimmune thyroid disease. 16 Thyroid autoantibodies, such as antimicrosomal and antithyroglobulin antibodies, are present in 22-41% of women with TS. 17, 18 It is noteworthy that thyroid www.asean-endocrinejournal.org 
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autoantibodies have been found to be prevalent in women with the isochromosome [46,Xi(Xq)] karyotype (83%) compared with monosomy 45,X (41%) and other karyotypes (14%). 3 In our patient, elevated antithyroglobulin and subclinical hypothyroidism were present. Although thyroid supplementation was not warranted as of this time, annual evaluation of thyroid function tests is recommended for monitoring.
Structural malformations in the kidneys 19 and the ears 20 are also common among patients with TS. Our patient, however, had unremarkable renal ultrasound, otosopic examination and audiogram.
In terms of cognitive impairment and behavioral function, a significant number of women with TS have deficits in specific areas of intellectual performance and its severity has been shown to be related to the karyotype. Generally, females with TS have normal intelligence --with the exception of those with mosaic karyotype, particularly IMTS, where 9% present with mental retardation. 4 Our patient's IQ was within the 70-79 range using a standardized tool. This is comparable to an individual with a below average mental ability. It was noted, however, that the subject is educable, although with limited trainability.
She is fit and can be employed to fulfill simple tasks or routinized jobs; hence, although with TS, the patient can ordinarily live, work and may overcome deficits in certain aspects of learning.
Management
After screening for and addressing the medical complications, management was aimed at maximizing adult height, development of secondary sexual characteristics and health teaching and counseling on fertility, long term plans and follow up.
Growth Hormone (GH) therapy should be considered for every patient diagnosed with Turner Syndrome. Treatment with recombinant Growth Hormone (GH) (0.375 mg/kg/week divided into seven once-daily doses), with or without oxandrolone (0.0625 mg/kg/day by mouth), is recommended to maximize patient's height. 21 In most cases, treatment starts at around 5-6 years of age and continues until the patients have stopped growing or when the epiphyses have already fused, at around 15-16 years. 8 The bone age, and not the chronological age, will determine how long she can continue to grow. In our case, bone aging revealed non-fusion of epiphyseal plates compatible with a 13-year-old female by Greulich and Pyle standards; ideally, our patient should receive GH therapy but this was not possible due to financial constraints.
For the development of secondary sexual characteristics, the current regimen for pubertal induction in girls with no spontaneous menses mandates low dose estrogen (0.3 mg) at age 14-15 years old, gradually increased to 1.25 to 2.5 milligrams and then cycled with medroxyprogesterone, or less frequently with progesterone. 22 Our patient was initially given low-dose oral conjugated estrogen, with uptitration of dose and addition of progesterone to pattern the physiologic hormonal elevation of normal menstrual cycle.
In terms of fertility and pregnancy, spontaneous pregnancies in women with Turner Syndrome are rare, and may be associated with higher rates of spontaneous abortions, fetal malformations and chromosomal abnormalities. Since most patients are infertile, a modality that has been used for fertility treatment include donor oocyte with in vitro fertilization. However, patients must be counseled that deaths may occur with pregnancies due to the cardiovascular complications such as aortic dissection. 23 Long term plans for this patient include monitoring of the development of secondary sexual characteristics and appropriate titration of hormonal replacement therapy. Physical examination, lipid profile, fasting blood glucose, and thyroid, liver and renal function tests should be done annually, while echocardiography, bone densitometry and audiogram should also be checked every 3-5 years.
CONCLUSION
Our case of an isochromosome mosaic variant of Turner Syndrome who presented with alopecia, primary amenorrhea, absence of secondary sexual characteristics and short stature has emphasized three points.
First, the value of a karyotyping analysis in the evaluation of patients with atypical presentations is substantial, on top of other preliminary work-ups. In this case, it has confirmed the diagnosis of an isochromosome mosaic Turner Syndrome, thus, facilitating its prompt management.
Second, this report has established that Turner Syndrome has several variants. There is a phenotypic variability in patients with TS depending on the karyotype and for isochromosome mosaicism, the manifestations are less severe compared to the more common form of pure 45,X.
Third, this has highlighted the importance of a multidisciplinary approach, intensive work-up and thorough screening from the onset of diagnosis in a patient with TS to promptly detect and prevent complications. Understanding the pathophysiology of TS, it is recommended that physicians who handle these patients should use a holistic approach to management that would encompass the medical and psychologic problems. Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that authors contributed substantially to the work, that the manuscript has been read and approved by all authors, and that the requirements for authorship have been met by each author;
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